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ABSTRACT 

Background: depression may be considered "the disease of the modern era". With a high prevalence 
worldwide causing significant morbidity and mortality and constituting a heavy burden on social and economic 
welfare. Despite decades-long research the exact pathogenesis of depression is still not fully understood. 
Aims: to investigate the behvioral deficits elicited by exposure to the combined model of lipopolysaccharide 
(LPS) then chronic mild stress (CMS) in male Wistar rats and to investigate the putative role of inflammatory 
cytokine production induced lipopolysaccharide exposure together with chronic stress in the pathogenesis of 
depressive like behaviour. Materials and Methods: Sixty five Male Wistar rats were divided into two groups; 
Control group (n=29): naive rats left undisturbed, not exposed to stress and LPS/CMS exposed group (n=27). 
Results: exposure to LPS/CMS model induced a depressive-like behavior manifested by a decline in body 
weight gain, alongside an increase in immobility time in FST and a decrease in time of active interaction in 
SIT. Conclusion: this work highlights the depressive like behaviour induced by exposure to the combined 
model of lipopolysaccharide and chronic mild stress. This work also underscores the putative role of 
lipopolysaccharide exposure in modulating the stress-induced neuroinflammation which is thought to be 
crucial, not only for the pathogenesis of depression, but also for a wide array of neurological diseases. 
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INTRODUCTION 


Depression is a common mental disorder 
that presents with depressed mood, loss of interest 
or pleasure, feelings of guilt and poor 
concentration. According to WHO it is the 4th 
leading contributor to the global burden of disease 
in 2000. By the year 2020, depression is projected 
to reach 2nd place calculated for all ages, both 
sexes. This makes depression a major concern to 
the personal and economic welfare ®. However, 
despite extensive biological research, the 
pathophysiology of depression is still elusive and 
treatments that target the causal factors of 
depression are not available ®. 


Over the last two decades, there has been 
growing evidence that inflammatory processes and 
neural-immune interactions are involved in the 
pathogenesis of major depression and may underlie 
some of serotonergic and adrenocortical correlates. 
This hypothesis was termed the monocyte-T- 


lymphocyte or cytokine hypothesis of depression”. 


It is well-known that LPS (either peripheral 
or central), brain neuroinflammation and the 
increased production of pro-inflammatory 
cytokines, such as IL-1B, IL-6 and TNF-a, may 
induce specific symptoms, labeled as the sickness 
behavior syndrome “. Symptoms of sickness 
behavior, such as anorexia, reduction of locomotor 
activity and exploration, anhedonia and cognitive 
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disturbances, bear a strong similarity with those of 


depression”, 


Systematic validation of the endotoxin- or 
cytokine-induced anhedonia as an animal model of 
depression is not consistent. The © striking 
similarities between symptoms of MDD in humans 
and the behavioral and physiological alterations 
induced by endotoxin or cytokine exposure in 
rodents offer a convincing ‘face validity’ for this 
model ®©. So that, we proposed in the present work 
that combined model of LPS then CMS could be a 
plausible model of depression that reflect some 
depressive disorders in human. 


MATERIALS AND METHODS 
1. Animals 


Sixty five Male Wistar rats weighed from 
200-300 g were purchased from the National 
research center, El-Giza, Egypt. Rats were allowed 
at least 1 week to acclimatize to the lab conditions. 
Rats’ chow was purchased from Meladco for 
Animal Food, El-Obour, Egypt. Pellets and tap 
water were provided ad libitum unless otherwise 
recommended by the study protocol. The 
temperature was maintained at 24°C. A 12/12 h 
light/dark cycle was maintained with lights on at 5 
am. Animals were housed, each in one cage in the 
above conditions, unless otherwise recommended 
by the study protocol. All procedures were done 
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according to expected ethical conduct in animal 
research. 


2. Treatments and experimental groups 


Rats were divided into two groups; Control 
group (n=29): naive rats left undisturbed, not 
exposed to stress and LPS/CMS exposed group 
(n=27): LPS injected followed by CMS exposure. 


3. Experimental models 
3.1. LPS injection: according to Elgarf et al.” 


All animal groups of combined LPS then 
CMS model were exposed to LPS in a dose of 50 ug/ 
kg for six i.p. injections every other day over 2 weeks. 


3.2. Chronic Mild Stress (CMS): according to 
Willner et al. © 


The chronic mild stress was applied in a 
semi-random sequence to be unpredictable with the 
assumption that this will lead to a reduction in their 
sensitivity to reward (anhedonia). The stressors were 
food or water deprivation; cage tilting; reversed light 
cycle; pairing; stroboscopic light (60 flashes/min); 
intermittent white noise (85 dB); cold temperature 
(10°C); restricted access to food (3 pellets); empty 
water bottles, foreign body in the cage, and soiling of 
cage with 50-100 ml water. Pairing was done with 
different cage mate every time. Control animals were 
kept undisturbed and in separate cages. 


4. Behavioral Tests 


The body weight of rats was measured at the 
beginning of the experiment (baseline weight) then 
weekly thereafter. Behavioral tests were done during 
the last 10 days of the experiment. The sequence of 
applying behavioral tests was sucrose preference test 
(SPT), open field test (OFT), social interaction test 
(SIT), then forced swimming test (FST) preceded one 
day with forced swimming test training. 


4.1. Sucrose preference test (SPT): according to 
Chiba et al. ” 


During the 5" week of the study, Animals 
were acclimatized for one week at the site 
specifically prepared to host the experiment. Then, 
rats were trained for one week to consume a 
palatable weak (1%) sucrose solution. Training 
consisted of exposure to 1% sucrose solution in one 
bottle, together with tap water in another bottle. 
The position of bottles was exchanged every day to 
avoid habituation to the site of sucrose. The test 
was done on the 6" week from Tuesday 8 am to 
Wednesday 8 a.m. Rats were given, for 24 h, a free 
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choice between the two 200 ml bottles (one 
contained tap water and the other contained 1% 
sucrose solution) and consumption of water and 
sucrose solution was calculated by subtracting the 
weight of the bottles after 24h. Sucrose preference 
was calculated as a percentage consumed sucrose 
solution of the total fluid intake. 


The sucrose preference will be calculated 
according to the following formula: sucrose preference 
(%) = (sucrose intake/total fluid intake) X 100. 

4.2. Open Field Test (OFT): 
Tonissaar et al.“” 


according to 


Open field test was used to detect general 
locomotor activity in rats. On Tuesday of 5“ week, 
the rats were allowed to acclimatize to the test room 1 
hr before conducting the experiment. Each rat was 
placed individually in the centre of Quadrangular 
arena (60 x 60 cm) with 45 cm height walls; the arena 
is divided into 16 equal squares illuminated by white 
light. The test duration was conducted for 5 minutes 
to each rat. Behavior was videotaped and the number 
of crossed squares (with at least three paws), time 
spent in central zone, frequency of rearing (standing 
upright on the hind paws), and grooming including 
face cleaning, paw licking, fur licking, head scraping 
and rubbing will be counted manually. The arena was 
cleaned by 10% alcohol after each rat. 


4.3. Social Interaction Test (SIT): according to 
Tonissaar et al." 


In SIT two unfamiliar weight-matched rats 
from the same group were placed in opposite 
corners of a well-illuminated chamber (30x30x60 
cm) with the floor covered with wood shavings for 
10 min. The behavior was videotaped and total 
time spent in active social behavior (allogrooming, 
sniffing the partner, crawling under and over, 
following) was calculated, for each rat, separately. 


4.4. Forced Swimming Test (FST): according to 
Porsolt et al.”” 


The FST involves immersion of animals in 
a Cylindrical Plexiglas tank (diameter 22 cm, 
height 50 cm) filled with (35 cm) ambient water 
maintained at 25°C. On Wednesday of the 5" week, 
rats were trained to swim for 10-15 min. Water was 
changed after testing of each animal. One day later 
rats were re-exposed to the forced swimming for 5 
minutes. Behavior was videotaped and immobility 
time was measured with a stopwatch. Immobility 
time is the time during which the animal floats on 
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the surface with its front paws together and makes 
only those movements which were necessary to 
keep it afloat. According to an original version of 
the FST, the test was performed on each rat only 
once; on Thursday 5" week of the study. 


5. Statistical Analysis 


Prism 5.01 (GraphPad Software, La Jolla, 
CA, USA) was used for all the graphical 
presentations and statistical analyses. Mann- 
whitney test for non-parametric data was used to 
compare the two groups. For body weight, 
repeated-measure analysis of variance (ANOVA) 
with Bonferroni's post-hoc test was used. The 
statistical significance level was set at p < 0.05. 


6. Ethical and approval statements 


All animal procedures followed the 
international guideline of proper experimental animal 
handling. The present study was approved by the 
Research Ethics Committee of Faculty of Medicine, 
Ain Shams University (FMASU-REC). FMASU- 
REC operates under Federal Wide Assurance. 


RESULTS 


1. Effect of exposure to LPS/CMS model on 
body weight gain in Wistar rats 


As shown in figure (1), repeated-measure 
ANOVA revealed a significant main effect of time 
(Fs159-47.13, P<0.0001) and stress (Fa 1s6=112.94, 
P<0.0001). Rats exposed to LPS/CMS model 
showed a significant decrease in body weight gain 
as compared to their respective controls at the end 
of the 2nd, 3rd, 4th, 5th and 6th weeks (P<0.001). 
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Figure (1): Effects of exposure to LPS/CMS model on 
body weight in Wistar rats. Data are mean + SEM of 13- 
15 animals per group. — P<0.001 vs. Control group by 
repeated-measure ANOVA with Bonferroni's post-hoc test. 


2. Effect of exposure to LPS/CMS model on 
sucrose preference test in Wistar rats 


As shown in figure (2), Wistar rats exposed 
to LPS/CMS model exhibited a significant decrease 
(p<0.001) in SPT compared to control rats. 
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Figure (2): Effects of exposure to LPS / CMS model on 
sucrose preference test in Wistar rats. Data are mean + 
SEM of 15-16 animals per group. ~“ P<0.001 vs. Control 
group; by Mann-Whitney Test. 


3. Effect of exposure to LPS/CMS model on 
open field test in Wistar rats 


As shown in Figure (3), only, latency to 
leave central zone was significantly reduced in rats 
exposed to LPS/CMS model (p<0.05) as compared 
to the control rats. Exposure to LPS/CMS model 
did not induce a significant difference in total 
number of crossed squares, time spent in central 
zone or frequency of entering central zone as 
compared to the control rats. 
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Figure (3): Effects of exposure to LPS / CMS model on 
open field test (OFT) in Wistar rats. Data are mean + 
SEM of 15-21 animals per group. `“ P<0.01 vs. Control 
group by Mann-Whitney test. 
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4. Effect of exposure to LPS/CMS model on 
social interaction test in Wistar rats 


As shown in figure (4), Wistar rats exposed 
to LPS/CMS model exhibited a significant decline 
in time of active interaction with its partner as 
compared to their respective controls (p<0.05). 
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Figure (4): Effects of exposure to LPS / CMS model 
on social interaction test (OFT) in Wistar rats. Data 
are mean + SEM of 10 animals per group. P<0.01 vs. 
Control group by Mann-Whitney test. 


5. Effect of exposure to LPS/CMS model on 
forced swimming test in Wistar rats 


As shown in figure (5), Wistar rats exposed 
to LPS/CMS model exhibited a significant increase 
in immobility time (p<0.001) alongside an increase 
in swimming time (p<0.05) and a decline in 
struggling time (p<0.001). 
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Figure (5): Effects of exposure to LPS / CMS model 
on forced swimming test (FST) in Wistar rats. Data 
are mean + SEM of 15-21 animals per group. P<0.05, 
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P<0.001 vs. Control group by Mann-Whitney test. 


DISCUSSION 


Depression may be considered "the disease of 
the modern era" “With a high prevalence worldwide 
“significant morbidity and mortality, depression 
constitutes a heavy burden on social and economic 
welfare. Despite decades-long research the exact 
pathogenesis of depression is still not fully understood. 


Over years, many theories have been 
proposed to explain the pathophysiology of 
depression with an increasing body of evidence 
linking activation of immune-inflammatory responses 
to the pathogenesis of depression ®”. In this context, 
microglia are effectively involved in regulating the 
immune environment of the central nervous system 
with production of pro-inflammatory cytokines which 
are eventually involved in the pathogenesis of 
multiple disorders involving major depression “”. 


This study was designed to investigate the 
behvioral deficits elicited by exposure to the combined 
model of LPS then CMS in male Wistar rats. This is to 
investigate the putative role of inflammatory cytokine 
production induced Ilipopolysaccharide exposure 
together with chronic stress in the pathogenesis of 
depressive like behaviour. 


In the present work, exposure to LPS then 
CMS model was able to induce a depressive like 
behaviour manifested by a decrease in body weight, 
decreased sucrose preference, increased immobility 
time alongside decreased struggling times on FST 
when compared to their respective controls. 


The prolonged immobility time and reduced 
struggling time in the forced swim test are used to 
infer the development of depressive like behaviour 
"3. Increased immobility could be described as "a 
corollary" of stress-induced anhedonia “”. Moreover, 
the increased entry to the central zone in OFT 
represents an index of anxiety associated with 
depression “*. Hyperactivity of HPA axis is well 
documented event in depression and the 
dysregulation of the HPA axis has been regarded as a 
neuro-endocrine hallmark of chronic stress “”, the 
significantly reduced body weight gain and increased 
serum corticosterone level in rats exposed to 
LPS/CMS indicates the absence of an adequate 
adaptive response to stress ?” 


For many years, the chronic mild stress 
model of depression was the most widely used model 
of depression, extensively used by researchers to 
investigate many aspects of depression. Indeed, 
reduced sucrose preference, increased immobility 
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time and reduced struggling times in FST manifested 
in our CMS-exposed rats are centered on the core 
symptom of depression, anhedonia 7”. 


The systemic increase in LPS is associated with 
systemic inflammation, activation of microglia and 
enhanced neuroinflammation f”. LPS activates TLR-4 
with subsequent induction of the expression of pro- 
inflammatory cytokines; IL-1, IL-6 and TNF-a. The 
main sources of these pro-inflammatory cytokines 
within the brain are microglia and perivascular and 
meningeal macrophages °, Notably, disturbances in 
brain neurotransmitter levels is well documented with 
repeated LPS challenges, studies reported significant 
reduction in dopamine and serotonin levels in the 
prefrontal cortex and hippocampus of LPS-treated rats 


alongside an increased concentration of glutamate °”. 


In the same context, Stress is critical for 
LPS-associated activation of microglia and 
subsequent neuroinflammation, LPS treatment 
failed to activate microglia in hippocampus of non- 
stressed rats in comparison to a dramatic effect in 
activating microglia and astrogliosis in the stress- 
exposed group ®”. 


On the other side, a study °” reported that 


the combination of LPS challenge with CMS 
paradigm modulated the stress-induced behavioral 
changes with exacerbation of depressive and 
inhibition of aggressive behaviors. 


The relatively less depressive state in the 
FST noticed in LPS/CMS exposed rats may infer the 
development of endotoxin tolerance in response to 
LPS repeated challenge. Endotoxin tolerance refers to 
the reduced responsiveness to endotoxin challenge 
after a primary bacterial insult with subsequent 
suppression of pro-inflammatory cytokine production 
27). As an adaptive mechanism of the innate immune 
system, endotoxin tolerance protects the body against 
severe endotoxin mediated damage as septic shock 
°°) Indeed, many studies indicated the long-term 
desensitization of the HPA axis after a single LPS 
challenge, underscoring the development of adaptive 
response to stress ae 


Elgarf and her colleagues “ reported that 
combining LPS repeated challenges to CMS had 
additive effect with exaggerated behavioral and 
neuro-inflammatory disturbances associated with 
chronic stress. This controversy suggests that LPS 
induced behavioral changes are dependent on the 
timing, frequency of exposure and dose of LPS 
alongside the duration and type of stress modality. 
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CONCLUSION 


This work highlights the depressive like 
behaviour induced by exposure to the combined 
model of lipopolysaccharide and chronic mild stress. 
This work also underscores the putative role of 
lipopolysaccharide exposure in modulating the stress- 
induced neuroinflammation which is thought to be 
crucial, not only for the pathogenesis of depression, 
but also for a wide array of neurological diseases. 
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